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Praca oryginalna
Original paper DOI: 10.21521/mw.5758 Small ruminants are seasonally polyestrous, and reproductive activities are related to the prolongation or shortening of daylight. In sheep and goats, sexual cycles start in the autumn months, when daylight is shortened, and these animals do not show estrus outside the breeding season. This period is called the anestrous season in small ruminants (14) .
Progestagens are effectively used in the control and synchronization of estrus in sheep and goats. Negative and positive feed-back expressions of progestagens are used in estrus synchronization. Especially during the non-breeding season, equine chorionic gonadotropin (eCG) injections are performed in addition to progestagens applied for 12-14 d to obtain a high estrus rate and ovulation (2, 13, 18) . Ovulation can occur 48-72 h after eCG injections (17, 26) . Of course, the success of this type of manipulation may depend on nutrition, body condition score, lactation, age, heat, light, and breed (11, 13) . Selenium (Se) and vitamin E (Vit E), which are reported to have different effects on reproduction, can be applied to maintain health of the reproductive flock. Especially in the case of sheep fed in pasture, it has been found that the combination of estrus synchronization with Se and Vit E supplementation may increase the fertility rate (3, 16) . Se and Vit E protect biological membranes against oxidative degeneration and are an essential component of glutathione peroxidase (15, 20) . It has been reported that intravaginal progesterone sources used for estrus synchronization in farm animals cause an increase in oxidative stress parameters (19, 21, 25) . Therefore, it has been reported that antioxidants can be applied in addition to the synchronization protocols in order to protect against oxidative damage and to increase fertility rates (25) .
This study was aimed at determining the effect of barium selenate injections on fertility parameters, such as the estrus rate, onset of estrus, pregnancy rate, Effect of barium selenate injections on fertility of Pirlak ewes subjected to estrus synchronization during non-breeding season twinning rate, litter size and survival rate, for Pirlak ewes that were subjected to progesterone-based estrus synchronization during the non-breeding season.
Material and methods
This study was carried out with the approval of the Kafkas University's Ethics Committee for Animal Experiments (KAÜ-HADYEK-2016/068).
The study was carried out between February and March on a commercial farm located in Bolvadin in the Afyon province, Turkey. Bolvadin is situated at latitude 38°42'40"N and longitude 31°02'55"E. The average altitude is 1016 meters above sea level.
Sheep were between day 60 and 70 of the postpartum period, and they were healthy on clinical examination. A total of 150 Pirlak ewes were used between the ages of 3-5 years. Their body condition scores (9) ranged from 2.5 to 3.0 (1 = extremely emaciated, 5 = obese) and their weight ranged from 40 to 50 kg. A total of 9 fertile rams (Pirlak) were used in the study.
The ewes were fed with hay, alfalfa, and barley during synchronization protocols. Concentrated feed (0.4 kg ewe/ day; barley, wheat, sunflower, cottonseed meal, corn, calcium carbonate, and dicalcium phosphate) was given during pregnancy. In the postpartum period, the ewes grazed during the day and were kept on the farm at night. Throughout the study, water and mineral salt lick were given ad libitum.
The ewes were randomly divided into the following four groups for estrus synchronization. Group II (n = 25): Sponges were inserted in the vagina with a special apparatus and stayed in the vagina for 11 d. On d 11, i.m. 500 IU eCG were injected, and the sponges were removed.
Group III (n = 50): Barium selenate was injected at a dose of 1 mg/kg s.c., and sponges were inserted in the vagina. The sponges stayed in the vagina for 14 d. On d 14, i.m. 500 IU eCG were injected, and the sponges were removed.
Group IV (n = 25): Sponges were inserted in the vagina with a special apparatus and stayed in the vagina for 14 d. On d 14, i.m. 500 IU eCG were injected, and the sponges were removed.
Estrus detection was started 12 h after injection of eCG. Estrus signs were monitored four times a day for 15 min. for a 4-day period. A teaser ram was introduced into the flock for estrus detection, and sheep in which estrus was detected were selected and separated from the flock. Those who were in estrus were mated with fertility-proven rams (18) .
The pregnancy diagnosis was performed using transrectal ultrasonography (WELLD WED-3000V ® , Hasvet, Turkey) with a rectal probe 30 d after mating. Ultrasonographic examination was performed in the standing position, and ewes were recorded as pregnant when an embryo was detected (24) .
In the study, reproductive characteristics, such as the estrus rate, onset of estrus, pregnancy rate, conception rate, lambing rate, twinning rate, litter size, and survival rate, were calculated by the following formulas:
Estrus onset = time between sponge withdrawal and start of estrus Estrus rate (%) = number of ewes showing estrus/number of ewes in the group × 100
Pregnancy rate (%) = number of pregnant ewes/number of ewes in the group × 100
Conception ratio (%) = number of pregnant ewes/number of mating ewes × 100
Lambing rate (%) = number of ewes giving birth/number of pregnant ewes × 100
Twinning rate (%) = number of ewes giving birth to twins/ number of pregnant ewes × 100
Litter size = total number of lambs/number of ewes giving birth Survival rate (%) = number of living lambs/number of lambs born × 100
In the groups, the onset of estrus was given as mean ± SEM and evaluated by one-way ANOVA. The estrus rate, pregnancy rate, conception rate, lambing rate, and twinning rate were analyzed by Chi-square test. The survival rate was determined 30 days after parturition. In all analyses, the SPSS ® (SPSS Version 18.0, Chicago, IL, USA) software package was used. Differences between the groups in terms of the observed fertility parameters were considered significant at P ≤ 0.05 levels.
Results and discussion
One ewe in group III and one in group IV were excluded from the study due to sponge dropping. Therefore, the fertility parameters were determined for 49 ewes in group III and 24 ewes in group IV (Tab. 1). During the study, premature birth or stillbirth did not occur.
There were no statistically significant differences in the estrus rate, pregnancy rate, conception rate, lambing rate, and twinning rate (P > 0.05). The onset of estrus in the respective groups was 44.52 ± 1.95, 45.08 ± 2.93, 34.42 ± 1.71, and 33.74 ± 2.37 h, respectively. It was observed that the onset of estrus was similar for groups I and II (P = 0.99) and for groups III and IV (P = 0.99). It was also determined that estrus started earlier in groups III and IV than it did in groups I and II. This value was statistically significant (P < 0.001). The litter size was not statistically different between the groups (P > 0.05) and varied between 1.11 and 1.23. Among lambs followed for 1 month after birth, one lamb from group II and one from group III were dead (Tab. 1).
Most sheep breeds are seasonally polyestrous animals, and exogenous hormone applications are needed to induce estrus outside of the breeding season. Here, the main purpose is to increase the litter size and achieve economic gain. But there are many fac-tors that influence success in such applications (14, 27) . Prolonged progesterone application (12-14 d) is possible especially in small ruminants during the non-breeding season, and estrus is stimulated (5) . Vitamins or trace elements (such as Se) can be injected in addition to the hormones or mixed with the feed to enhance fertility properties (7, 15) . In this study, the aim was to determine the effect of barium selenate injection on selected fertility characteristics in estrus stimulation and synchronization protocols by applying MAP for a long time (11-14 d) to Pirlak ewes in the non-breeding season. The results show that there were no statistically significant differences between the fertility parameters of the groups with and without barium selenate (P > 0.05).
Synchronization studies using progestagens outside of the breeding season or transitional period in ewes found estrus rates of 77.8-88.9% (9), 81.0-92.6% (28), 86.6-93.3% (5), 95.8-96.2% (22) , and 86.7-100% (15). In our study, the estrus rate was between 92% and 100%. After the progesterone application was completed, the onset of estrus in synchronized ewes occurred 25.7-38.3 (17), 22.5-35.1 (9), 32.12-35.08 (10), 37.2-49.7 (18) , and 46.3 (5) h later. The onset of estrus obtained in our research was compatible with the previous studies. Especially after a 14 d MAP application, estrus began earlier than it did after an 11 d MAP application (P < 0.001). In a similar study, progesterone administration for 14 days was reported to have caused estrus sooner than progesterone treatment for 9 d or less (8) .
Pregnancy rates reported in these studies were 41.3--49.5% (4), 43.4-52.0% (22) , 56-84% (23), 76% (9), 82.6% (28), 76.9% (5), and 86.6% (6) . The pregnancy rate obtained in our study was similar to that of Algan et al. (4) and Özyurtlu et al. (22) , but lower than in the other studies. It was also found that barium selenate treatment did not affect the pregnancy rate. It is thought that one of the most important reasons for this difference is the difference between the races of sheep used in the studies. It has also been reported that high pregnancy rates in Pirlak ewes cannot be obtained by estrus synchronization performed out of the breeding season (4) .
In this study, it was determined that the rate of lambing was high, varying between 95 and 100%. Moreover, the proportion of twinning in different groups was 11.11-22.75%, and the litter size varied from 1.11 to 1.23. These findings were consistent with some studies (4, 12, 15, 28) . But the twinning rate may vary depending on the breed. In our study groups, the survival rate of lambs ranged from 91.67 to 100%. Abdelhadi et al. (1) and Özyurtlu et al. (22) reported that the lambs born after estrus synchronization had first-month survival rates of 91.7-100% and 92.3%, respectively.
Koyuncu and Yerlikaya (15) obtained an estrus rate of 100%, pregnancy rate of 96.7%, and lambing rate of 100% after sodium selenate treatment during the breeding season. They reported that only the estrus rate was statistically different from that in the control group. Sánchez et al. (23) also added Se to diets of estrus-synchronized ewes. They found that Se administration reduced the pregnancy rate and lambing rate in the synchronized group. However, it was reported that there was a statistical difference between the group that was synchronized without the addition of Se to diet. Furthermore it is also suggested that Se may have a negative effect on some reproductive parameters. Köse et al. (16) reported that Se and Vit E injections, combined with estrus synchronization, did not have a positive effect on fertility parameters. In our study, barium selenate did not affect the reproductive parameters negatively, but it did not improve them, either, compared with the parameters in the groups without injection.
In conclusion, intravaginal MAP administration for 11 or 14 d did not change the fertility parameters, and affected only the onset of estrus in Pirlak ewes during the non-breeding season. In addition, barium selenate 
